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Histochemical demonstration of skelelnl m.scle fibre

types and capillaries on the same transverse section
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Summary. Serial transverse sections of m. vastus lateralis bi¢_psies from six healthy

men were reacted:

(1) for myofibrillar adenosine triphosphatase (mATPase) tn identify fibre types: or,

(2) with rx-amylase, periodic acid-Schiff (c_PAS) to visualize capillaries.

Sections were also processed with a new histocbemical meth¢_d for identification of

fibre types and capillaries on the same skeletal muscle slice (mATPaseh_PAS). Fibre

type composition using either method was 41% type I, 37% type IIA and 22°,4, type

liB. Types I, IIA and lib least diameter area_ (mean +SE, ttrn:') were similar in

sections processed for mATPase/e, PAS or mATPase (3076 + 33,q, 5187 _+373 and

4389 +- 514 vs. 4092 _+345, 5100 ±. 360 and 42,°,0 ± 474, respectively). The mmfl,er of

capillaries per ram:' and per fibre did not differ in sections processed using lhe r, PAS

(315 -+29 and 1.48 +- 0.12) or mATPase/otPAS (317 + 25 and t .43 ±- n. lm method. The

number of capillaries was greater (P<O.05) arou,d types I or II/\ than lype 1113 fibres

whether a section was processed for mATPase/r, PAS (,1.5_+0.2 or 4.6±().2 vs.

3-4-0.3) or when fibre profiles of serial sections reacted for mATPase or r_PAS were

'matched' (4.5 + 0.2 or 4.4 +_(1.2 vs. 3.4 + 0-3). The |esulls i,.,ticale that histochemical

and morphometric measures can be made on the same tran,verse section using the

new method with substantial savings of time, cost and energy.

Key words: capiilarization, fibre area, histochemistry, human muqcle, muscle tibre

types.

Introd.ction

Much of our knowledge of skeletal muscle can l,e attrit',Tte(l h: hi,d_,chemical _ludies.

Different fibre types can be shown in transverse secli_ms_ rea(:lc.d for mv_fit_rillar
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adenosine tripho_phatase (m,\lP;v.e) (Pr,,,d:c ,_,c K;_i_ct. 1(!711: (;uth & S;tmaha.

1970). Likewise, the capillarity of 4,,w-,.,,,,,,-.,,-th,!_. t_i!,h ,,,.i,l.,fi., ,, m,v_,'h'_ of lmver

mammals has been shown m be gre:_ter ih'_n tll:_t _'f thoir ["t'.:t .c¢',tltt ,'titlg.. 1¢_\_.' ox'ida-

tive counterparts (Romanul. 1o65: kl:,i et a/.. 107(_: f_,:,_ o. R_.,,tin. l_',q). lhc_e

analyses have been relatively qimrle t,, p,-rf,,,-m 1........ ,c..... ,,,-_ I....... ",'!,m,'_,_. ,,f them

in lower vertebrates contain prcChm,;,_.,,,t!v, ..... m.,,, _.,l,.. _r',,,,,.,,,,,I. 1'v,'_: (;ray ct

al., 1983). Analysis of fibre type qpccilic c:,p;ll',,itv i, t,,,,,,',,_ , I ..I,._,,I ,uTv:clc h:_ been

complicated because biop% <ampl_'q ¢_,'_t ,-,,,,r:_iu f:_,:l :l,,,I ,:t,.,- {i!.r, "_. :_rr"meed in a

mosaic are frequenth' _tudied.

The capillarization of specific tibre types in human biop'_y sample'; ha,; been charac-

terized using histochemical (Andcmen. I_75: Andersen & llenrik_qnn. 1077; Schantz.

1982. 1983). or combined bi<t,whemic:,l anal electron micr,,<copy metho(Is (lngier,

1977). Adjacent muscle secti_ms were pr,we_qed I_ {,lenfifv f]hre typeq or capill'_ries.

and their fibre profiles malchcd. I I,_wever. b,_tll tneth,,_],,; ",re ,-ytremclv laho,_r inten-

sive and data acquisition i_ an ard_m_s tn¢k.

This study describes an alternate me!h,,,l f,_r ,h.tor,,_i_qr_._; fihro type sl,ecilic

capillarity. The same transverse qecli,m ¢,f <l;cl,,f:,l m,!,:,'l,, i,: p,,,,','"':,',l f,w tibrc types

and capillaries using histochemical a_<:_vq f,,r r, _'r'r',<c :,,,,_ ,_ .:,,,v!,w.o. p,.:ri,,dic acid-

Schiff (e_PAS). The results fimnd using the ,ew c_,,nl'i_c,t ,-,'!h,,,t were c,m_pared with

those obtained bv using the 'm,qlctmd" fit,re p,.,,fil,;: me*t_,,¢t ,_f ,-\n,t-'rqen (I_75).

Swbject_ _n_l rrm_'llo,,t_

SUBJECTS

Six healthy men served as subjects. Their menn ( ± %E) nee. weight, height, and 1.123,

max were 32 ± 4 3'ears, 82 ± 5 kg. 176 '-3 c-m. nn,t J! _-l ml k_ -I rain -_. respectively.

Each provided written consent t(_ par_iclp_te ,_ft_,r !.l_e [,r,,* ...... I v::_s e×plained. The

study was approved by the lluman Re,zr, arch Peview F_.'_rd at the Kennedy Space

Center, Florida, USA.

MUSCLE BIOPSIES

Muscle samples were removed fr,m_ tim riet_t m. x:vm_ later:_li_ using the

percutaneous needle biopsy technique (llerg';tr/_m. l_'C,?) ;p; m_,dified by Evans et al.

(1982), and prncessed f_r hi_t,w!_emic:_l a,_',!', .... _ :,_R_-{,-qf.Til-_,._!pre,.'i_,,_<ly (D_,,llev et

al. , 1983).

HISTOCt tEMICAL REACTIONS

Serial transverse secti(ms were pmce_'_t f,,::

(1) fibre types (mATPa<e).

(2) fibre types and cqpil!:_ric_ (,_.\!P:,v,.',. !" _,e._ ,,,.

(3) capillaries (,_P_.C_,,": .... _,:, .... !_ .... ; .... , ...... _.... ,.



l:if, r(' t.vlTe vp('c![ic coT_ilh.i:_;rh,tt 120

The sections for 1 and 2 were first proces,;cd f(_r tibrc" type's. Sccti_m'_ t_,r 2 ;_mt 3 were

then processed for capillaries.

The mATPase reaction used t(_r tihre type expressi_m wa,; c,_<cntiallv as (le,;cril_e(I hv

Brooke & Kaiser (197(I). Scetions were pre-incutmted at 22"'('in ,in aci(I (t51)mvmql r

sodium barbital. 250 mrnol 1-T sodium acetate, I(l()lltlll('_] I 1hvclvf,chh_vic ;.'i,l. ptt 1.3

or 4-6) or an alkaline buffer solution (1()() rnrncd I -_ 2-;_min,, ? m,.'thvl I pr_q_;_nCd.

18 mmol I-_ calcium chloride, pll 1().4).

After acid pre-incubation (7 rain) secti(ms were rim;e¢t in lt_ll mm¢,l 1 _ Iris

(hydroxymethyl) aminomethane and Ig mm_d 1-' c:lh'i,,m ,,l,l,,Ti,l,.. ¢i,II 7._?,). :,n,,I

transferred to the mATPase incubation solution (lt_n mm,dl ' 2 :_min,_-2 m_,thvl-1-

propanol, 18 mmol 1-t calcium chloride, 4.5 mmol I -T ATP, pll 0.1) f(_v 1_ rain at

22°C. Sections from the alkaline pre-incubation (2(I rain) were tran'qerred directly into

the mATPase incubation solution for 15 rain.

After incubation, sections were riuscd in 1() g I--" calcium chh,ri(te, placed in 2() g I -_

cobalt chloride, rinsed in 10 mrn()l I -I s_)ctium t,arbital, rin,;c,,I in (Ii,;lith'd water.

incubated in 13 ml I-' ammonium sutphi_lc f_r" 15 ';. ;_n_Tf?n:,!lv vivv:c_l in r,v.ning tnp

water. The sections intended for the simull;,,ne(m,; dcm(m_tr:_ticm _'f fib,o 17,p.,."_(pre-

incubation pH 4-6 only) and capillaries were then proces,;ert l,,ec_her with untr{':_ted

sections for visualization of capillaries. The secli_m'; illtor'_,!,.,c] f_,r fibre type ,.l,'m_m'qra-

tion only (pre-incubation pl 1 4-3, 4.6 and 1(I-4) were dchvdralc¢I, clc{_rcd and m(_unle(l

on glass slides.

Sections for capillary visualizati_m were iwcul_ated for I h in 1() g I- ' _-:_mvl:,sc at

37°C, rinsed in distilled water and oxidized in 5 g 1-' peri¢_(tic acid. They were lhen

incubated for 20 rain in Schiff reagenl (| Itvma';_m, 107()), _va'd_c_t in r_vnninL' t:_p water,

dehydrated, cleared and mounlcd.

DATA ACOUISITION

Sections were viewed using a light microscope interface{t to an autcm_:_tect imnge

analysis system. Muscle fibres were visually identified and cla,_,;ificd :vv types I. II/\. 1113

or IIC (Brooke & Kaiser, 1970). Fibre type prop,_rlions are rep,_rtc,.t :_ the percentage

of the total number of tibres in each section(mean lt'LR2: r:_nEc 6_)1 1,R_U). [.east

diameter fibre area was determined from digitized tracing,; (ff 5t) profiles of each fibre

type. Measurements were made using Darwin s_fftware (1)ar'vin In_trumet_I,_. Ira'..

Winston-Salem, NC. USA). Fibre type specific capilHrv {',mnt,_ were made from the

same 50 fibres of each type used to determine lenst diameter :_rea. ('apill:!ties were

visualized directly from sections reacted for m,,Vl'Pase/_,PAS. _,r t,v mat,.'hing fibre

profiles in adjacent serial sections reacted for rn,,\TP:_qe or ,YPAS. The 5// values

obtained from each method were averaged together to c:_tc,,-I,,h: fibre type qp('Cif/C

least diameter area and capillary data for each ';,hiect. (':,pill:_ry (h:'n'dtv an¢t the

capillary-to-fibre ratio were determined from a (). 11 ram" are:_ ,,t" :__cctitm renctcd t¢_r

mATPase/c_PAS or e_PAS.



STAHS'FICAI_ ANAI.YSFS

Capillary density and the c:_pitlnrv-t,_ ¢;1,,,. ,,,,i., r...... ,_ ...... _ ,r., .... ' _' _.q .,n,! rvPAS

methods were compared usin!,. _t ,tcpon,_...,,t r t.--t \ ¢..,, -.,v ¢i,,,,,-,.,I,,,,. "."ill,re tyl,o )

repeated measures analyses of ,.'nri;ince ,.vr,,¢ ,,_"-_t t¢_ ;_T,,_!vce l,'rw! :!i'_,n,tter tibre area

and fibre type specific cai,itlrlrv ,Inta. r,;rr,.,,.,,..,.,: t,,,_,,, .... , ,,,,-.,,,.,.: x_.,.,,. :,t_.,Iv,_,.¢l iiging

Tukev's Studentized Range (II5:I)/ Tcgt. [',"_r,',,r_. c',,;T,.l,,ti¢,,_ ¢',,,'ff'wieT_t xv:_g 11'_r.'(tI(_

examine the reliability <,f ,,l,,_n ,,,.v_,.r.,,,.,'. _,,. h,,. ,, \tt ....... '., t' ', q ,_,.,h,,,! c¢,mp'_re,1 t<_

values obtained bv the m,,VFP:tqe ¢,t ,,!' ',._ ,-,',!v,,! 1"_" ..:;_.,,i_;_..,,_.... 1,.,.,,1 ,.vn_ _.! at

P < 0-05.

FIBRE TYPES

Type I, IIA and lib fibre,; were r<.:_t;_,, i,_ .,_,;';.,!,!,. i,_ ":",";,'_,'_ !,,,,,.,.,:*u.-_t with the

mATPase/e_PAS rnelh(_d (Vig. 1). Th-" m,,,,b..,-,,f t2.[.,.. 11'' fit,,c,-in ',,,v _ivcn t,i,_l,sy

was so small that they c¢_hl ¢_,,I be c¢,,_*:i,],.r,.,t in ¢!:_!:, ::,',l,_i':iti,'n _,r ;_lr_Iv';es. The

mean (range) fibre type percentr_ges in bi,,p_y qampk"; _f m. vr_'4u'_ I:_ecrtIi,_ were: .1t ".._,

type I, (16-76%). 37% type If.\. ('2_.1 (,a"i,I m_d 22',:, tT,pc liB. (ll a_l'Y.).

CAPILI.ARIES

The sections reacted with the tn,\TPa_o/_. P.*',S me!h_t _:!_,..... :! ,!,-:_r ,',',_,;_'.t t,_-tween

the vivid red capillaries and lhe vnri" bl- _tr,i,_i,t:,. i.,_,.,,,;,i,'.: (,f !h," ,,,,,,:,.t,t [i!.,-cs (Fig.

• 2" *i " ,;k"

_o .z:]:*:_

/'• :_-:7: . _ .*.::z!i,:_- . _ ,

..7

Fi_. 1. A serial transverse _ecti_m _ff a bi(_p,;y qnmpte rff _he m ,.:t,_: !:_er;di'; p_,,,'"';ed with lhe new

combined mvofibrilh_r AlPrtqe_,v :_mvl:!_,,. l-,,ti,,,I;_ • ._,.i,l _z,.!t;rf m¢,_!v,,! t:.l!,,_, itu, :!,.i.! [,re inc!_bati,m (pit

4.6) that sh_'lw_ diff_ror_t fil_ .... ,,.t_ .... _I I! '_ !l!_._ ._,_.1 ,-.,t-ill.,,i,,q ¢.,,r,,,,,._ _,,_.,_,,,iti,-.,_;,,r, - ,'_x't).
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l). Tile number (mean _ SE) _t carillarh.'s per turn ?w:,,_ .:imi!nr fi_r ,_c-_if,n_; procc,;,;ed

with the mATPase/¢xPAS (317:4- 25) ,_r the fYP..\g (31 _" ' Y!) m:'lh_t. I1!_" capillary-to-
fibre ratios for the two methr,ls were al,:,_ qitnil:_r (l.lg 4-(t.1[1 :,ml I.-18"¢1.12.

respectively). Capillary density and the caiqth_rv-t_-fibr,_ r:l!b_ ¢tetcrmined by tile two

methods were highly correlated (r-'= 0.06 and fl.05, re_p¢'ctivcly, P._ _/._1_).

]'he number (mean _+_SE) _t capillarieg "_t_Twnd type I _r 11.,'\ fit,r,.:',< w;v; greater

(P<0.05) than the number stvrroundit_e type lib fit,r_'a v,heth_-r sccti_ms were

processed using the mATPasc/_P,.\S meth_,_t ( 1.5-'-_1.2 _r -1.;; ' fl.2 v,:. 3--1 -_-/}.3) or bv

matching fibre profiles of section'; reacted f,_r m,&TP;_se f_t _ I".\ g (.1.5 ' II. 2 _r-I.-1:4- (). 2

vs. 3-4 _+.0.3). The mean values for fibre type _peeific c;_piTl:_tity were _imih_r f_r lhc

two methods. The individual values showed a wi_te rant:e and were hi,.,.hlv correlated

(Fig. 2a).

FIBRE AREA

The least diameter area (gn¢) of type I. IIA and fIR fibres was similar in sections

processed for mATPaseh_PAS and for rnATPasc. The mean values (-'-SE) were,

respectively, type I 3976 (338) and 4002 (345), type l l,,X 51 ,q7 (373) and 510() (36()), and

type liB 4389 (514) and 4289 (474). Type I fibre_ were Rmzlll,.'r than (Pc" ()f)5) type IIA

fibres. Type IIA fibres were larger than type I'lB fit,r_?_;, bl,t the (liffctence was not

significant. Individual values fi_r least diameter area were highly related "_ml shcwced a

wide range (Fig. 2b).
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Fig. 2. (a) The relation between the new ('t,mbin,.,l n'y¢_,fibrill'.w ..'Vf't':_H¢v.amvh]_(.. p_',i,-tic :_cid-Schiff

(mATPase/etPAS) and the 'matched: fibre profile (m.'xTP'_e m'_tche,! t,, (,I" x'<_ m,'d_,,,t_ to determine the

number of capillaries surrt_tmdimz type I, |I & a,M llrl fihro_ Th," li.,- b: t,.pre_:o,Hod by fh," equ:Hic, n

y = 0.3258 _+ 0.q2-14 x. r 2= {I.02. {b) ('c, mp:wi_,on between th,- lll'.'f"fihrill'H '.,.['r':}£(, (fl] '\'l'l'rl'-:o):y/,¢ I tile flew

combined (mAqPa_eh_PASI method,: f(,t Icr_,:t di:!---tcr :_rr,:_ _,f tvp,, I. _I \ :,n,t lift f}hrr,..; "['hi" line i'; re-

presented by the equ:Hi¢m v - tg t_ i _ ,,eta,-, 'c. r" _ oo
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l)iscu_sion

This study was designed to estatqi,;h the efficacy _,f :, ,_,,v., m ",!P:_,,"_P \g hi,;t_,-

chemical method for determining fibre type _pecific c:_pi!l:!w if 5 [r,,m ;_ '¢ir,_,R" t_nn_,xer,;e

section of skeletal muscle. Morphometric and fibre type ':l':'_;_;_ ' ,!:_!'t wcr," ,,!_t:_inmt

from one transveme se_-ti_m lh;It tl;_d beeT1 re:_ctcd f_r m.\lPmac ;tn,t ,vP.\q;. lhc'¢e

results were compared t_ lh_,qe (,bt_in,'(t hv matchin e fibre pr, ffib"q ,,f l,.v,, :_dj:,'ent

serial sections [hRt had t,ccn reacted f(,r ill,re type,; or c':pitl:lTi,."; Iv.ing c_mvcn!i{,na]

assaYs for mATPa'_e (,r _,P,\S (,.\mt'.?r,,cn. I_YTs)..qix _,t'i_'_'t'; fr_ml :{ p,,,q c_t "Lq were

used in this study becauqe their bi_q,,des were k i_wn t_ b,.: hi!9,1y x:,_ i:,bl,., v, ith respect

to the area and proportion (,f lhe different fibre lypes;. TI_,,.-:. t!v, ,..:tli,ti_v :_,ut r_.'li;_l,iliiv

of the new 'combined" mATPa';c/,,PA,q mc_:!_,,,1 wo,.,, _.... ,,,_;_,,,,_ ,,,.,,,- :, ,., i,h, r:_.__,e of

morphometric and tibre type vpeci!ic _1:_:,.

The capillary supply (_f muscle troy _,ftcu _.... "_ r-p,','"'! "' '"'p{ l]'':V ,I,',y-:}IV :t_1(_the

capillary-to-fibre ratio. This pr(fl_ablv rcll,.'ct,_ lhe r_'l:tli',e e,p:c \:itt_ v.,hith these

measures of capillarity can be m:_,.tc on trz_n'wersc '<ecti_m';. (_r v;_llvc,; f'_r these

variaMes are comparable to tho,;e reported previously f¢_r se_leT]t:trv subjects

(Andersen, 1975: Andersen & l lenrikv,am. 1077). I_l¢_re¢wer. lhe c:,pillary dcn'dtv and

the capillary-to-fibre ratM vahms were highly related when a <ecti,m 'e,,ng reacted with

ocPAS or mATPase/c_PAS. "l'hi,_ i,_ic:_t_.-v tt,q_ n'c,c:_vi,_e ", tr:,,_¢,.'erqe mu_cte ,_eclion for

maTPase prior to reaction xvilh _,P.\S <!_w'__v,t :,_,r _!,,- (.r,l,i!t:,ri_v • i,:_:_li7,,,(].

The percentage of type l, II,\. lib :_m! !!(" ['.,t',r, , ,: t',,,,,,,t i,, _'h_" pro'.:,"nt st,_tv are

similar to those reported previously for the m. vrvo,_,¢ 1;It,"T:_li,_ _[ vcdent;_lv c,ubjects

(Andersen, I075" Andersen & llenrikk,:_;,,n. I')77). "l'h," ,,,I:,tix,,lx" _,m',m_m¢,n IIAll

and IIAC fast-twitch subtypes (In_jer. 1')77: Slarem ctal., l¢_R3) were ¢liflic',dt to

identify because the mATPase reaction pr,_¢luct fade¢l d_wim', the expoqure to periodic

acid.

The least diameter area fr,m_ '¢ecti_ms rerwhM fi_r m.\l'Pzv<e or mAl'Pasel_,l'AS

were highly correlated amt the aver:w_" v:llues for each meth_d approximated those

reported previously for m. v:lsttvs lnter_li'_ of tmlr'_i,_e_t sllbiec't',; (Fig. 2tq (Andersen.

1975; Andersen & llenrikq';on. 1077). P,e:wti,,n ,'f trm_qve,se <ecti¢m_ of skeletal

muscle with c_PAS has been implied t¢_ cause <!i!_t_! e_l:_r_,Tem('ut of fibre area

(Apdersen & tlenriks'c_m, 1077). l"he ,<ecti,,n,: pr<,,.cv,,,,1 _,,'i,_.,,, the now c_mfiqned

method in the present study were a_,aaved f_r m .\!P,,'¢_" :,,,,t ,-,,:,-ted ",,.lib _vP/\S. Their

areas for types I, IIA and 11tl did not differ by m,_rc t!,:,,_ 3% fr,,m th,_,_e of secti_ms

that had been assaye_t for m,XTPase only. "Vim<. !!,e p,,,,.,,i',l m_h-vl enl:_rEcment _f

fibre area in transverse sections _ff vkelel:_l mu,:clc re:v't,,:! v,ilh ,,P.\5:; iv n¢_t evident in

the new combined mAI'P:_qe/_,P,\5 q tllclb,,_l.

The matched fibre profile (m,,\TP:_e (,r _P,,\S) ,tnd the new cnmbined

mATPaseh_PAS method_; g:_\'-" similar nmrphometrie .ln(] hi,qochemical res_lts. As a

consequence, they shm','ed (-,_,_,!,:,r:,_1,1_-f}b,o 1}'po <I.... ,;t;,. c_,p;tl.,,,itv (Vi,_. 2b). The
values obtained in thiq ,,t,,,tv -_,-,, ,:i,--;!',r t,, ,I .......... ,.... ,..I ,,,.,,, i ..... lv _.\_,t,'r,:i'vl &
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Henriksson, 1977) and show 25".',, more capill:_ri,.'_ :!r_,,lmt typ,.: _' I (,r !1 _. _h',,_ type lib

fibres.

Andersen & Kroese (1978) have suggested thnt tile c:_I611arv '_',TI"I"I","_f ;_eiven ill,re

type should be considered in relation to its area. When the d:_ta in the present sttvdv

are treated in this manner, the new combined and the matched fibre prc_file methods.

respectively, show that the a:'erage numt_er <_fcapillaries ( ,/ 1(I -_) per Unit area (_un:)

of type I fibres (1.13 and 1.1tt) is larger than that for type ll,,X ((_.,q_) :_nd (/.,q6) or type

IIB (¢)-77 and 0.7Y) fibres. This meth,,d (ff expression of capill:_ritv may at,:c_ be of value

as different fibre types do not always resp¢md unif,,rmlv to alterati,m_ in functional

demand (Tesch, 1987).

According to the results from this stt|dv, the fibre type specitic measurements I_r

area. capillarity, and composition are not eompr_,mi_.e¢l by th," new m:\TPa_ehvPAS

method. The new combined medu_d reduce'_ tb:_,,," !,.,,,,u;u_,. r,,,1,Ti,,,_ 1_.":,'_ti,:_1_e.

simplifies tissue processing, and reduce_ co_t. By :_l'[,I;,i,,_ , *h,- m \'l'P:,,v- ay_d tvP,.\S

assays to the same muscle sectitm the poton!i:_l vari:,bil;tv ,-:,,,,'..,I I,\. m.,l;T,_ measure-

ments on different secti,ms that are sep'_r:_ted by _,me tli_'t',r_ce :,rot e'_p*,'_cd to differ-

ent media is removed. Morem'er. d::t:_ acqui,:i_itm cnn be perf,,rmed in a considerably

shorter time than when fibre profiles arc matched iu different ';ecti(,ns.
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